As the threat of antimicrobial resistance grows, stewardship of these vital drugs is increasingly important in both human and animal health. Important facets of antimicrobial stewardship include using antimicrobials judiciously as well as taking measures to minimize the need to use antimicrobials at all. In addition to treating clinical illness in animals, antimicrobials are sometimes used prophylactically (to prevent illness) or as metaphylaxis (to control disease in groups of animals, in situations in which some animals may be already diseased or infected). In order to make clinically appropriate decisions and to implement judicious use practices in food-producing animals, veterinarians and producers need to access evidence-based information about the relative efficacy of the antimicrobial and non-antimicrobial alternatives that are available.
To that end, the 14 articles in this special issue examined the publicly available body of evidence of relevance to antimicrobial stewardship in animal agriculture, with a focus on management practices intended to keep animals healthy and thereby reduce the need to use antimicrobials, as well as the administration of antimicrobials to prevent or control the disease. Each article describes the findings for specific research questions. However, there are several overarching conclusions from the articles as a whole:
Systematic reviews and other synthesis approaches are a valuable tool to aid in evidencebased decision-making. Evidence synthesis techniques, such as systematic reviews and meta-analyses, provide a scientifically rigorous means of evaluating the efficacy of a specific intervention across all studies investigating the efficacy of that intervention, and then present a concise summary of the available evidence. The articles in this special issue used formal evidence synthesis methods, including scoping reviews, systematic reviews, pairwise metaanalysis, and network meta-analysis, to evaluate selected strategies designed to reduce illness with non-antibiotic management practices or preventive antibiotic use. As network metaanalysis is quite novel in veterinary studies, an overview is provided of how to interpret the results of this approach to meta-analysis (Hu et al., 2019) .
Articles in this special issue include scoping reviews of systematic reviews in animal health (Vriezen et al., 2019a) and of non-antibiotic approaches to reduce the need for antibiotic treatments in beef and veal production (Wisener et al., 2019) . The systematic reviews with meta-analyses or network meta-analyses include an assessment of the efficacy of vaccines and injectable antibiotics administered on arrival to control respiratory disease in feedlot cattle ; the efficacy of teat sealants, antibiotics at dry off, selective dry cow treatment to reduce the incidence of mastitis and intra-mammary infection in early lactation, and the efficacy of antibiotics to treat clinical mastitis in dairy cattle ; the comparative efficacy of litter type for preventing illness in broiler chickens ; the efficacy of antibiotics to prevent colibacillosis in broiler chickens ; and the efficacy of bacterial vaccines and of preventive antibiotics to prevent respiratory disease in swine . Finally, an evaluation of the methodological quality of systematic reviews and meta-analyses evaluating preventive antibiotics or management to reduce disease in livestock species is included (Vriezen et al., 2019b) . Together, these articles provide both information on efficacy and comparative efficacy of several interventions to control animal diseases that are associated with the use of antibiotics, as well as insight into the current state of primary research addressing the efficacy of preventive antibiotics and management practices.
For some interventions, the body of evidence does provide some evidence of efficacy for some of the interventions. For example, a meta-analysis of clinical trials on the efficacy of teat sealants in dairy cows clearly shows that the products investigators studied are likely to be effective for reducing the incidence of mastitis and intra-mammary infection in early lactation . Similarly, several antibiotics were effective at controlling bovine respiratory disease . Understanding the comparative efficacy of antibiotic options is another tool to guide decision-making on prudent antibiotic use, enabling practitioners to use only antibiotics that are efficacious or, when multiple antibiotics are of similar efficacy, selecting the one of lesser importance in human medicine.
There is a lack of replication in the relevant research. A common issue across trials in the reviews was a lack of replication (i.e. multiple evaluations of the same outcome for the same intervention comparison). In some instances, intervention comparisons were only evaluated in a single trial, without a common intervention connecting that trial to another in the literature. The mastitis treatment review , beef vaccine review , and poultry litter review provide good examples of these disparate networks. The value of connected networks of evidence can be seen by contrasting the ability to reach conclusions for those reviews compared to the beef feedlot antibiotic review , where the interventions were very well connected. There was also considerable variation in the outcomes measured used for specific disease conditions, both in the outcome definitions and in the period at risk for evaluating the outcome. For several of the reviews included in this issue, the insufficient volume and consistency of the published trials precluded the ability to conduct meaningful synthesis. Replication and consistency of outcomes is essential for building a robust evidence base.
Finally, improvements in study design and execution are needed. Numerous areas of concern were identified related to the design and execution of many of the trials included in the reviews. These included a lack of (or poor reporting of) random allocation of animals to intervention groups, as well as a failure to consider clustering of group-housed animals in the analysis. Adherence to the minimum reporting guidelines such as the REFLECT statement Sargeant et al., 2010) and improvements in study design and execution are needed to address these deficiencies and to increase our confidence in the results of trials and reviews of trials.
These observations highlight again the value of systematic reviews; the reviews included in the special issue are shining a harsh light on issues related to replication, consistency of outcomes, completeness of reporting, and study design and execution that have been hidden in veterinary science for years. It is important to note that the issues identified in this body of work are characteristics of the evidence base, not the research synthesis methods. Narrative reviews and expert opinion based on these evidence bases would have the same issues, although it might not be as transparent. The advantage of formal research synthesis methods is the clarity with which these issues become evidence.
Ultimately, researchers along with public and private-sector research funders and other stakeholders should consider further coordination of scientific management and research resource allocation decisions to help drive improved study design and study replication for agricultural research addressing antibiotic use in food animals. As the articles in this special issue demonstrate, veterinarians and food-animal producers know far too little about scientifically validated prevention or control measures, including antibiotic efficacy and antibiotic alternatives that reliably support antibiotic stewardship. More and better research on these topics is urgently needed. With limited resources for research in veterinary science, it is essential that we maximize the value of trials by good conduct and reporting, consistent outcome measures, and replication.
